ABSTRAcT (Indonesia, Malaysia, Philippines, Singapore, and Thailand) (Indonesia, Malaysia, Filipina, Singapura, dan Thailand) adalah kebergantungan pada pengimportan komponen pengantara; dengan itu kepelbagaian import juga merupakan faktor penting yang dapat memberi kesan kepada pertumbuhan eksport Kajian ini mengukur dinamik untuk kepelbagaian eksport dan import bagi negara-negara ASEAN-5 bagi tempoh 1991ASEAN-5 bagi tempoh -2008 menggunakan indek-indek kepelbagaian berdasarkan entropi Shannon. Ia kemudian menentukan sama ada perkembangan kepelbagaian dalam jenis produk yang dieksport dan diimport dapat menerangkan pertumbuhan pesat eksport di negara-negara Kata kunci: Kepelbagaian eksport; kepelbagaian import; kepelbagaian tidak berkaitan; kepelbagaian berkaitan; pertumbuhan eksport.
INTRODUCTION (Indonesia, Malaysia, Philippines, Singapore, and Thailand) exports' have been growing rapidly over the last few decades (the exception is the period of time during the East Asian financial crisis). Their exports of high-technology products, a measure frequently used to capture a country's technological intensity, account for more than 40 percent of their total merchandise exports, which is among the highest rate in the world (World Development Indicators 2009 -the average export was from [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . However, the standard Armington differentiation model (1969) (see also Bhagwati (1958) , Singer (1950) , and Prebisch (1950) ) demonstrated that rapid export growth can be associated with deteriorations in the terms of trade, which negatively affect economic welfare. Indeed, standard international macroeconomic models predict that productivity and/or labor supply shock affect exports through changes in the terms of trade (Gagnon, 2008) , which may lead to the "immiserizing growth" problem. The link between deterioration in the terms of trade and export growth in developing countries has also been supported by UNCTAD (2002) . While the share of developing countries in world manufacturing exports, including those of rapidly growing high-tech products, has been expanding rapidly, the income earned from such activities by these countries does not seem to share in this dynamism. Although developed countries have a lower share in world manufacturing exports, they have actually increased their share in world manufacturing value added over this period. Developing countries, by contrast, have achieved a steeply rising ratio of manufacturing exports to gross domestic product (GDP), but without a significant upward trend in the ratio of manufacturing value added to GDP. Few of the countries that pursued rapid liberalization of trade and investment and experienced a rapid growth in manufacturing exports over the past few decades achieved a significant increase in their shares in world manufacturing income (UNCTAD 2002) .
In contrast, Krugman (1989) and Gagnon (2008) claimed that fast-growing countries tend to experience rapid export growth without any problems related to the terms of trade deteriorations. They argued that the rapid growth of exports was due to expansion in the variety of products exported, which prevents the terms of trade deterioration. Thus, the rapid growth of exports will not affect economic welfare negatively. The large share of high-technology products in exports may also be an indication that the fear of terms of trade deterioration is not warranted for the countries, as their exports are of high quality and consequently highly priced. Yet, Srholec (2007) showed that while indigenous technological capabilities were associated with export performance in electronics, the propensity to import electronic components accounted for a large proportion of cross-country differences in electronic exports. Thangavelu and Rajaguru (2004) observed that for nine rapidly developing Asian countries, trade had an important impact on productivity and output growth in the economy; however, imports provided the important "virtuous" link between trade and output growth. Both exports and imports have qualitatively different impacts on labor productivity, but imports tend to have a greater positive impact on productivity growth in the long run. Meanwhile, Saure (2012) argued that per capita income and the number of imported varieties were correlated positively.These findings supported Srholec's (2007) contentions that imported intermediate components were responsible for the growth of exports and the large share of high-technology products. Thus, imported components may mask the real technological level of countries.
Therefore, the objective of this paper is to measure the dynamics of countries'export and import varieties and determine whether expansions in the trade variety, if any, have contributed to rapid export growth. A positive relationship between export variety and export performance would indicate that export growth is not followed by the adverse terms of trade effect. A positive relationship between import variety and export growth would suggest that import is an important component of export and that the increase in the share of high-technology export should be interpreted more carefully.
In order to measure trade variety, we used the Frenken (2004) and Straathof (2007) 's product variety index, which is based on Shannon's entropy (Shannon, 1948) . The indexes enabled us to differentiate trade variety into related variety (RV), unrelated variety (UV), semi-related variety (SV), and total variety (TV). These measures of variety capture different aspects of variety, where RV refers to the variety that exists within each sector, UV is the variety of the main sectors in the economy, and TV is the overall variety. As argued by Saviotti and Frenken (2008) , these varieties may affect productivity, and therefore export growth, differently. The product variety indexes used differ from Funke and Ruhwedel (2001) study on East Asia which was based on Feenstra (1994) variety index.
If trade variety is important in explaining export growth, the standard aggregate export equation based on a scale variable representing foreign demand and price competitiveness may be mis-specified (Funke and Ruhwedel, 2001b; Gagnon, 2008) . In order to examine the importance of trade variety on export growth, we augmented the standard export equation with the indexes of the trade variety. We showed that when indexes of export variety were augmented to the standard export function, SV, RV and TV were not significant in explaining export performance. However, there was a negative relationship between exports and UV. The negative relation for UV also existed when indexes for import variety replaced the indexes for export variety. There was also a significantly positive coefficient for import RV; this relationship corroborated the importance of the imported intermediate components for 's export growth. The results indicated that ASEAN-5 export growth cannot be explained by the increase in the variety of products traded; therefore, the need to consider the problem of terms of trade deterioration in their development policy.
LITERATURE REVIEW
Studies have found evidence of the commoditization of manufactured products, particularly at the lesssophisticated end of the production spectrum. This trend is true especially as the manufacturing of products of the low-tech and labor-intensive variety has come to constitute a major share of developing countries' exports (Kaplinsky 1993) . Commoditization signifies that developing countries will need to adopt measures to move up the technological ladder if they want to avoid competing through lowering prices.
The discussion on ASEAN-5's export growth also needs to be located in the broader context of the possible existence of an adding-up constraint or the fallacy of composition due to the simultaneous pursuit of exportled growth policy by a number of developing countries. Cline (1982) concluded that the generalization of the East Asian export-led growth model across developing countries was not tenable. It would result in an increased market penetration by developing countries into the industrial countries' markets and may lead to protectionist reactions from industrial countries. However, while the emphasis was on protective responses, it did not account for the possible changes in the terms of trade and changes in the variety and quality of products exported as the developing countries sought to export their way to growth. Faini et al (1992) and Blecker and Razmi (2008) showed that for developing countries, competition with other developing country exporters was a more important consideration than that with industrial country exporters. Their simulations revealed that the benefits of currency devaluation to a country largely vanished when competing developing country exporters followed a similar policy. These results support the existence of a fallacy of composition in developing country manufacturing exports. However, Ghani (2006a) showed that there was no significant crowding-out effect due to the export-led growth policies in many developing countries. Athukorala (2008) argued that China's global economic integration has deepened production fragmentation in East Asia, countering fears of crowding out other countries for international specialization.
If the fallacy of composition in the export-led growth model, the terms of trade deterioration problems, and commoditization of low-end manufactured products do hold true, developing countries will need to improve their product offerings to provide more variety and higherquality products instead of competing based on lower prices in order to export their way to growth.
TERMS OF TRADE DETERIORATION
At the end of World War Two, it was expected that developing countries' terms of trade would increase because of the fast improvement in their technological progress (Kaplinsky 2006) . Instead, Prebisch (1950 ), Singer (1950 , and Bhagwati (1958) argued that developing countries' terms of trade would decline and consequently reduce economic welfare, as the increase in export volume was not able to offset the decrease in price. There are multiple reasons for the decline in developing countries' terms of trade. Many developing countries' exports are inputs or raw materials used in the production of manufactured goods. Hence, a fall in the price of a primary commodity, which is an input in manufacturing products, would have different implications for the producer of the commodity as well as the purchaser of the manufactured product. Cheaper inputs from developing countries reduced manufacturing costs in industrial countries, consequently increasing their profits. However, the cheaper input also lowered developing countries' income.
The income elasticity of demand for products produced by developing countries was less than the income elasticity for products produced by industrial countries as the industrial countries' products embodied higher technology. Similarly, price elasticity of demand for primary products exported by developing economies was price inelastic. Hence, an increase in demand for the output of a low-income country would only come from a large and disproportionate fall in prices. Many of the commodities exported by developing countries were also subjected to synthetic substitution and hence to declining demand. This substitution also meant that the output of developing economies generally embodied products with greater competition and low barriers to entry; consequently, prices will be cheaper, and margins are smaller (Kaplinsky 2006) .
Indeed, developing countries' terms of trade for manufactured products have showed signs of weaknesses rather than improvement (Sarkar and Singer 1991; Chakraborty 2012) . Kaplinsky (1993) found that the Dominican Republic, which tried to diversify its output by moving into unskilled labor-intensive products, had suffered from 'immiserizing' employment growth, that is, "employment growth which is contingent upon wages falling in international purchasing power." With an increasing number of developing countries specializing in unskilled labor-intensive products, the most practical way to compete is by keeping prices low and therefore by paying low wages. This intense competition will further reduce developing countries' terms of trade, and in this sense, unskilled labor-intensive manufactured products are being 'commoditized', behaving similar to primary commodities, which are experiencing a downward trendin terms of trade (Ghani 2006b ). Erturk (2001 Erturk ( /2002 argued that one of the causes of the East Asian crisis was the investment boom in East Asia in the early 1990s. As these countries exited from their niche in producing labor-intensive products, they created overcapacity in more skilled and capitalintensive goods; consequently, export prices for East Asian manufactured productswere reduced, which ultimately lead to the crisis (the East Asian financial crisis has also weakened most of the East Asian countries' currencies; hence their real effective exchange rate depreciated). The oft-cited case suggesting that East Asian countries' export prices may be deteriorating is the price of 16-megabyte dynamic random-access memory (DRAM) chips (see World Bank 2000), one of the East Asian countries' main exports in the 1990s. The price had slumped from US$54 at the end of 1995 to US$13 in 1996 and then to US$3 by mid1997.The World Bank and the IMF also recognized that primary commodities' terms of trade were declining (Sapsford and Singer 1998) , so developing countries were advised to diversify their exports. However, in the attempt to diversify their product offerings, developing countries can only produce products that are commensurate to their level of technological development as diversification is much harder in unrelated sectors compared to similar sectors. For example, a country can progress from exporting basic textiles to more refined textiles more easily than from textiles to nuclear power generation (Saviotti and Frenken 2008) . Consequently, the only way for developing countries to diversify their exports was to produce low-technology manufactured products using a standardized production process. The prices for these low-technology standardized manufactured products have shown signs of weaknesses rather than improvement, similar to primary commodities, which further complicated the matter. Indeed, during the period from 1970-1987, the price of manufactured product exports from developing countries had fallen by an average of 1 percent a year relative to the price of industrial countries' manufactured exports (Sarkar and Singer 1991) . Athukorala (1993) criticized this study in that non-ferrous metal should be treated as a primary product because its value-added is small. However, further studies have shown that prices for nonferrous metal behaved in a similar way as manufactured products (Rowthorn 1997) .
The fact that developing countries were producing unskilled labor-intensive products also meant that the value addition from exports was low. UNCTAD (2002) found that developing countries were producing low value-added products. It reported that even though policy makers in many developing countries had moved to rapidly liberalize trade and foreign direct investment (FDI) in the early 1980s, the exports of developing countries had grown faster than the world average, and many developing countries appeared to have succeeded in moving into technology-intensive manufactured exports. The picture is slightly different because developing countries are often involved in lowskill assembly stages of international production chains organized by multinational corporations (MNCs). Most of the technology and skills are embodied in imported parts and components, and much of the value added accrues to the producers in more advanced countries where these parts and components are produced and to the MNCs that organize such production networks, while little improvement is seen in developing countries.
TRADE VARIETY AND ECONOMIC PERFORMANCE
Growth in exports can be due to decreases in the price level. It can also result from the introduction of new products or product varieties, which shift the demand curve to the right and consequently lead to an increase in the price level. In explaining the high income elasticities of demand for exports and the absence of long-term negative trends in the terms of trade of countries with rapidly growing exports, Gagnon (2007 Gagnon ( , 2008 argued that the puzzling differences in estimated income elasticities of imports and exports across countries, as pointed out by Houthakker and Magee (1969) , can be attributed to the omission of the variety effects in import and export demand. He generalized the monopolistic competition trade model of Helpman and Krugman (1985) by augmenting the import and export demand functions with indexes that measure the variety of products traded. Imbs and Wacziarg (2003) showed that for low-and middle-income countries, economic growth is a result of productive diversification and the process of creating new varieties and/or higher-quality versions of previous exports. If the "discovery" process were to stop, declining terms of trade and rates of return on capital would constrict accumulation and growth. Hummels and Klenow (2005) posited that if exporting countries expanded more on extensive margin or exported higher quality products, the adverse terms of trade effects should not be a concern. Empirical studies on the relationship between export variety and economic performances have shown a positive relationship. These studies have used panel data of countries by regressing measures of performance, such as total factor productivity and/or growth of export on indexes of product and/or export variety. Two different measures of export variety indexes have been generally used: the Shannon's entropy-based index and the extensive and intensive margin from Feenstra (1994) . Studies have also used investment, output, profitability, research and development (R&D) expenditures, and patents as indicators of product variety when estimating import and/or export equations (Funke and Ruhwedel 2001b) . Frenken (2007) and Straatof (2007) demonstrated that Shannon's entropy can be used to measure product and export variety. The export variety index measures the distribution of sectors in a country export portfolio. Regressing economic growth on the indexes of UV, SV, and RV, Saviotti and Frenken (2008) showed that export variety simulated economic growth in the OECD countries for the period from 1964-2003. However, unlike RV variety, which simulates growth simultaneously, UV promotes economic growth with a time lag. Frenken, van Oort, and Verburg (2007) investigated the relationship between employment, unemployment growth, and the varieties of products produced for the Dutch regions. RV was found to increase employment, while UV decreased unemployment. Boschama and Iammorina (2009) measured the contribution of export variety on Italian region economic growth and showed that there was a positive relationship between variety and productivity.
In a series of papers, Funke and Ruhdenwel (2001a , 2001b , 2005 used the Feenstra (1994) index (extensive margin) for export variety to reveala positive relationship between economic performance and the variety of products exported by the OECD, East Asian, and East European transition economies. The same index was also used by Hummels and Klenow (2005) for explaining why larger economies export more products. They classified the reasons into extensive, intensive, and quality margins. Hummels and Klenow (2005) argued that larger economies export more products due to the availability of a higher variety of goods for export, and that richer countries export more due to the increase in the quality of exports. Broda and Weinstein (2006) used the Feenstra index to measure the gains from trade due to the increase in variety. Feenstra and Kee (2008) showed that export variety was associated with a 3.3% average productivity improvement in 40 selected countries from 1980-2000. Using panel data covering 31 executive districts, Chen (2011) determined that export variety positively affected China's productivity growth. Kang (2006) reportedthat the expansion of export variety had helped South Korea avoid the adverse terms of the trade effect. Chen (2010; 2011) , Boschama and Iammorina (2009) and Rebelo and da Silva (2013) showed that export variety improved productivity for regions in Canada, China, Italy, and Portugal.
MEASURING TRADE VARIETY
The process of creating new variety or higher-quality versions of previous products may destroy older activities; therefore, the net contribution of the new variety will be zero. We assumed that the creation of newer variations will not have a one-to-one relationship with the destruction of the older variety. That destruction of the old product will be gradual, i.e., there is a time lag for its share to decrease to zero.
In constructing the indexes for export and import variety, we followed Frenken (2007) and Straatof (2007) , while the indexes used were constructed based on Shannon's entropy. The variety indexes used the entropy measure applied to the distribution of sectors in a country's export and import portfolio. The indexes increased with an increase in the number of sectors and with the evenness of the distribution of shares. Overall, the total variety index was computed as follows (Straatof (2007) used the natural log instead of log base two): (1) where p i is the share of the product/sector i in the total exports or imports and G is the total amount of the product/sector. The minimum possible value for the index is zero, which corresponds to the case where there is only one product/sector exported or imported (i.e., G = 1). When the export or import shares of all products/ sectors are the same, the index value is at its maximum (see Theil (1972) for proof), and the maximum value of the index will increase with the addition of new products. Frenken (2007) showed that the index can be decomposed into each sectoral Standard International Trade Classification (SITC) digit level. Letting all sector i at some level of aggregation fall under an aggregate sector, S g , which is at a higher level of aggregation where g = 1,…,G., we can obtain the shares of P g at the higher level of aggregation by summing the shares of p i at the lower level of aggregation, i.e.:
The total variety index (1) can be decomposed into the following:
Simplifying the last line of (3), we have total variety Theil (1972) and Frenken (2007) showed that entropy at the three digit level (total variety) was equal to the sum of unrelated variety, semi-related variety, and related variety, where unrelated variety is as follows: (4) i.e. the first term on the right side of the last line of (3). The second term is the summation of the SV and RV, where the entropy at the lower level is the weighted average of the within group entropy values:
and H g is:
Given that we are using export and import data at the SITC three-digit level, the UV for each country is the entropy of the one-digit distribution of export/import shares (i stands for one-digit classes). SV is the weighted sum of the entropy at the two-digit level within each onedigit class (i stands for two-digit classes, and g stands for one-digit classes). Finally, RV is the weighted sum of the entropy at the three-digit level within each two-digit class (i stands for three-digit classes, and g stands for two-digit classes).
DYNAMICS OF EXPORT AND IMPORT VARIETY
The data to calculate the index for export and import variety were extracted from the UN COMTRADE database. Figures 1.1-1.5 and 2.1-2.5 present the dynamics of trade varieties for the countries. For export, the dynamics of unrelated variety are similar for Malaysia, the Philippines, and Singapore, as are the dynamics of total variety. That is, they initially went down but increased toward the end of the 1990s. There was not much change in the total variety for Indonesia and Thailand during this period. The indexes for semi-related and related variety did not show significant differences during the period, except for Singapore, where related variety decreased for the whole period. Compared to export variety, the values of indexes for import variety were much larger, meaning that the varieties of imported products were much greater than those of exported products (see Appendix A and (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) B). However, there seemed to be a trend of decreasing import variety for TV, SV, and RV, except for Malaysia where there was a rebound in the variety of imported products after 1998.
EMPIRICAL SPECIFICATIONS AND REGRESSION RESULTS
In order to formally examine whether export and import variety are important in explaining ASEAN-5's rapid export growth, we augmented the standard export function with the four indexes of variety (UV, SV, RV, and TV). The export function was estimated in log first difference. The function is as follows: (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) where ∆X it is the log first difference of real exports for country i at time t, ∆Y w is the log first difference of foreign GDP volume (foreign GDP volume = World GDP -Country i GDP), ∆REER represents the log first difference of the real effective exchange rate, ∆PV is the log first difference of the variety indexes, and crisis is the dummy for the 1997/98 East Asian financial crisis. The data were collected from the World Bank World Development indicators online and UN COMTRADE from 1991-2008. Table 1 reports the regression results when the indexes for export variety were augmented to the standard export function. Column one shows the result for the standard export function, while columns two through five display the results for export functions augmented with the four different indexes of export variety. Overall, the coefficient for foreign GDP volume, real effective exchange rate, and the crisis dummy were consistently significant, and, as expected theoretically, positive for income and negative for the 1997/98 East Asian financial crisis dummy and the real effective exchange rate.
However, the income elasticities of demand for exports were between 3.3 and 4.7, which were relatively high; in fact, the addition of the export variety indexes increased the magnitude of the income elasticities.
For the coefficients of interest, the SV, RV, and TV indexes were not significant; however, the coefficient for UV was negative and statistically significant. These findings did not support Funke and Ruhwedel's results (2001b) , which showed a positive relationship between export variety and the East Asian countries' export performance for the period from 1989-1997. However, unlike Funke and Ruhwedel (2001b) , this study used real export; the time period used was longer, and it included the period after the crisis. The export variety indexes used also were different, and the group of countries was the ASEAN-5 instead of East Asia. The negative coefficient for UV was in agreement with Saviotti and Frenken (2008) , who showed that UV was negatively related to economic growth.
The negative relationship between UV and export growth can be explained by the difficulty faced by countries in diversifying and producing products from different sectors. The costs and risks of diversifying into unrelated sectors is much higher than diversifying into related sectors because the technological capabilities and institutional requirements needed to produce unrelated varieties are different from those of the existing technologies; therefore, a longer time period is needed to witness the success of improvement in UV. It is much easier to increase the variety in similar sectors in the short run than it is to increase variety in different sectors. In the short term, a development path that attempts to jump long-distance in product space is likely to fail (Saviotti and Frenken 2008) .
One of the characteristics of exports is the heavy reliance on imported intermediate components. Table 2 shows the result when the import variety indexes replace the export variety indexes. As with the export function, the coefficient for foreign income, the real effective exchange rate, and the crisis dummy are consistently significant, as expected theoretically. However, the additions of the import variety indexes consistently reduced the magnitude of income elasticity of demand for exports, suggesting the importance of import variety in explaining export growth for these countries.
Unlike the export function augmented with export variety indexes, the coefficient for the RV index was positive here, and the coefficient for UV was negative; however, the coefficients for SV and TV were not statistically significant. A positive RV supported the contention that imported intermediate components are an important determinant of ASEAN-5's export growth and, consequently, economic growth. The increase of related imported components aided in the production of exported products. The negative coefficient for UV was similar to that of the export variety augmented function. Notes: ** and * indicate that the estimated coefficient is statistically significant at 5%, 10%. Standard error in parenthesis. 
CONCLUSION
Overall, for the time period studied, the varieties of products exported by countries have not shown similar dynamics as their exports, and the regression results revealed that on average the coefficients for PV were not significant. This finding suggests that export variety is not important in explaining the rapid growth of exports for the countries. At the same time, values of the indexes for import variety were much larger than those of the export variety, indicating that the varieties of imported products were much greater than the variety of exported products. The dynamics of unrelated variety for exports were similar between Malaysia, the Philippines, and Singapore as they were with the total variety; that is, they went down initially but increased toward the end of the 1990s. There was not much change in the total variety for Indonesia and Thailand. The indexes for semi-related and related variety also did not show a significant difference during the period, except for Singapore, where related variety decreased for the whole period. However, there seemed to be a trend of decreasing import variety for TV, SV and RV, except for Malaysia where there was a rebound in the variety of imported products after 1998.
Results from the panel regressions showed that for the export function augmented with the export variety indexes, SV, RV, and TV were not significant in explaining exports; however, there was a negative relationship between exports and UV. There also was a negative relationship between exports and UV for import variety augmented export functions. Unlike export variety, the coefficient for RV was positive, supporting the contention of the importance of imported intermediate components for exports.
The lack of significance of the export varieties in explaining export contradicted Krugman (1989) and Gagnon's (2008) contention that the rapid increase in exports of East Asian countries was due to expansion in the variety of products exported. Consequently, it can be argued that the decreasing terms of trade is a phenomenon that the ASEAN-5countries need to consider while implementing their economic and development policies. It is vital that ASEAN-5 improve their level of technological intensity, as the current rapid growth will not be sustainable without improvement in product quality and variety. 
